Abstract Temporal stability of soil water storage (TSSWS) is of considerable interest in estimating the mean soil water storage (SWS) across the study area for validating the remote sensing products and reducing the observation efforts. However, the general mean relative difference index usually balances the positive and negative relative difference values. Thus, it may find the weakly representative site for mean SWS estimation. Revised mean relative difference, i.e., the absolute value of general relative difference, was used in two deposited soil farmlands (DFs) to analyze the TSSWS. The soil water contents were measured at 18 sites of each DF in 1.5 years. The results showed that revised mean relative difference index was more accurate than normal one in finding the best location to represent mean SWS in the DFs. This can be applicable to sites where SWS is not consistently higher or less than the average value. The SWS in the location which was near to the middle DF showed the strongest temporal stability and behaved the best location to estimate the mean SWS. Revised mean relative difference may be a better criterion for the application of temporal stability tool in soil water field observation.
Soil water content (SWC) or soil water storage (SWS) varies in space and time, which leads to the requirement of a large number of distributed observations (Hedley and Yule 2009; Brocca et al. 2010; Hu and Si 2014) . When the SWC is repeatedly measured in a field or a catchment, locations often can be identified where SWC is consistently higher or lower than the average value of the whole field or catchment. This phenomenon is called time stability or temporal stability (TS). TS analysis is a powerful tool to understand the soil water patterns in the field (Vachaud et al. 1985; Reichardt et al. 1993; Gómez-Plaza et al. 2000; Pachepsky et al. 2005; Guber et al. 2008; Brocca et al. 2009; Hu et al. 2009; Brocca et al. 2010; Hu et al. 2010) . Existence of such location is important to soil water management, such as upscaling soil moisture data in trickle irrigation yield (Rolston et al. 1991) . The application of time stability of soil water content (TSSWC) is very important to find the best location to represent the average value of the SWC across the study area. This aspect has been used in remote sensing of soil water for validating the average SWC estimation across a monitored plot (Mohanty and Skaggs 2001) . Besides that, establishing a location in which measurement of SWS is time stable significantly reduces the efforts involved in determining the time series of mean SWS of the whole catchment (Hu et al. 2009 ). Another consequence of TS has been applied to interpolate the time series of SWC at locations for which a few data are unavailable, but with continuous records available from nearby locations (Pachepsky et al. 2005) . Moreover, it can also be used in other applications including characterizing the spatial patterns of water-affected soil properties (Goovaerts and Chiang 1993) , establishing field-or catchment-wide antecedent moisture conditions for runoff simulations (Western et al. 2003) , and explaining spatial variability in the crop yields (Starr 2005) .
The relative difference (RD) analysis is a basic technique to analyze the TSSWC or temporal stability of soil water storage (TSSWS). The two criteria for choosing location to represent the mean SWC are mean relative difference (MRD) being close to zero and with the minimum standard deviation (SD) of RD (Hu et al. 2009 ). The MRD is the average value of the RD between individual and spatial average values. However, some locations where SWC is not consistently larger or less than the mean SWC of the catchment still exist, especially for the locations where SWC is close to spatial average value. Therefore, the calculation of MRD will offset the positive and negative RD values resulting in a MRD with value close to zero for the location where SWS is sometimes greater and sometimes less than the mean SWC. In this situation, the measurement at the selected location with a MRD close to zero could produce large errors for representing the mean SWS. Unfortunately, this point has been ignored and better mean SWS prediction may be expected with a revised MRD.
The Chinese Loess Plateau (CLP) is suffering from the most serious soil erosion in the world (Kaiser 2004) . In order to control the serious soil loss on the CLP, lots of check dams are constructed in the gullies. This artificial construction is the most effective method to control soil loss because all the sediment can be blocked. Following the sedimentation processes of soils, the deposited-soil farmland (DF) is formed before the check dams. This kind of artificial farmland is the main resource of crop for the local farmers because it has fertile soil due to the collection of runoff and nutrition from the sloping land. Usually, the yield of maize (Zea mays L.) of DF recorded five to six times to that in the sloping farmlands, even exceed ten times in some areas (Xu and Wang 2000) . However, this artificial construction has changed the water cycle of the catchment for collecting runoff and storing soil water. The knowledge of SWS in DFs was important to evaluate the impact of this artificial construction on the water cycle and explain the downriver cutoff which frequently happened on Yellow River in recent years. The application of TSSWS is of importance for soil water management and observation in the region, especially like the CLP where water is a limited factor for plant growth. SWS in DF often fluctuates in a very large range due to its collection of runoff and precipitation and strong evapotranspiration. In addition, the highly variable soil heterogeneity of DF was another factor causing the large range of SWS (Zhao et al. 2010) . However, there is no evidence to conclude whether SWS in DFs will behave TS. Therefore, the objectives of this study were to (a) develop a revised mean 
Materials and methods
The experiment was carried out in two DFs of Liudaogou catchment in Shenmu County, the CLP (Fig. 1a, b) . Figure 1c shows the general view of the filled DF named D1 in this study. Figure 1d shows the general view of silting DF named D2. The sampling outline and the location number of the two DFs are shown in Fig. 2 . A total of 18 observation points were set up in each DF. In D1, sampling points were spaced 8 m on the vertical direction and 10 m on the horizontal direction. In D2, the sampling points were spaced 6 m on the vertical direction and 8 m on the horizontal direction for smaller area than D1. Soil hand augur was used to dig holes to install neutron access tubes. SWCs were measured from surface to 0.8-m depth with 0.1-m intervals for all points, resulting in a total of 288 data for each measurement. The calibration work can be found in the study of Zhao et al. (2010) . The SWCs were measured by neutron tube from June 17, 2011 , to October 15, 2012 , with an interval of about 20 days and 1 month for D1 and D2, producing 33 and 18 measurements, respectively. The primary method for determining TSSWS is the general RD analysis which is defined as Vachaud et al. 1985 and Brocca et al. 2010 :
where δ i is the MRD over time at location i, SWS j (i)is the SWS of location i at date j, SW S j is the mean SWS of all locations at date j, and n is the number of measurements. This index gives a direct measure of how does SWS at a particular location deviate to the average of a given area, whether it is greater or less than the mean. MRD of each location is then plotted by its rank with error bounds of standard deviation of relative difference (SDRD) to determine which location best estimates the mean soil water storage (MSWS) of the DF. If a location has proximity of MRD close to zero and the minimum SD, it can accurately estimate the DF average for long time periods. However, the Bbest^location with the closest MRD to zero did not have the minimum SDRD in most situations. As a consequence, a relative small one is also accepted for the location with the MRD close to zero (Hu et al. 2009 ). Usually, the best locations identified by the general MRD are not consistently wetter or drier than the spatial average level. The positive and negative RD values at different times will offset, possibly resulting in a weakly representative site of the best location. The RD analysis, which calculates the MRD and the temporal SD of RD, is improved in this study by calculating the absolute value of RD,
where all the parameters are the same with Eq. (1). δ 0 j is positive to measure the mean deviation to the average value. The revised MRD of each location is then plotted by its rank with error bounds of SD of the RD to determine which location can best estimate the MSWS of the DF. The location with RMRD approximating zero and minimum or small SD is selected to estimate the MSWS of DF.
If the RMRD is too large, then a constant offset α i ð Þ is introduced to represent the MSWS of the DF or catchment as suggested by Grayson and Western (1998) , and then, the MSWS of the DF can be calculated by
where SW S j is the MSWS of the whole DF at date j, SWS j (i) is the SWS of location i at date j, and α i ð Þ is the mean value of the RD of SW S i and SWS j (i) over time.
The sum of squared error (SSE) was used as a relative measure of the goodness of fit to show which location can best represent the MSWS of DF,
n is the number of measurements, and Y and Y represent the SWS of the best location and the MSWS of the DF, respectively. Smaller value of SSE means that the location can better represent the MSWS of the DF.
Results

General RD analysis
In order to find out the best position to represent the MSWS of the two DFs, the MRD and associated SD over time were calculated based on Eq. (1). Normally, this work was conducted in a catchment which is called as catchment average soil moisture monitoring locations according to Grayson and Western (1998) . In this study, the location is called as DF soil water monitoring location. The location with the MRD value closest to zero and a minimum or small value of SD is the best monitoring location which is considered as a representative location of the MSWS (Hu et al. 2009 ). Figure 3 shows the MRD from the smallest to the largest and associated SD (error bar) for the SWSs on 18 sampling locations in the two DFs. It can be seen that location 1 and location 8 can represent the MSWS of D1 and D2, respectively, since their MRDs are the closest to zero among the locations with relative small SD. In the two DFs, location 12 had the smallest SD of RD with time and showed the strongest TS. From Fig. 2, location 12 locates at the middle part of the DFs. Figure 4 shows the comparisons between the MSWS of DF and SWS of the best location in each DF. It can be seen that location 1 can well represent the MSWS except for a few days (Fig. 4a) . However, the SWS of location 8 and MSWS are not so close on most days with the largest departure of 60.4 % to the average (Fig. 4b) . The principles of identifying the best location to represent the mean value directly were always −5 % < MRD < 5 % and SDRD <5 % (Gao and Shao 2012) . Thus, no location in D2 could be used to estimate the MSWS directly, which is the reason for the poor estimation accuracy for location 8. As suggested by Grayson and Western (1998) , a constant offset can be introduced to increase the accuracy of MSWS estimation in D2.
RMRD analysis
The RMRD is recalculated by Eq. (2) associated with SD. Note that we used the same calculation method for SD (Fig. 5 shows the rank order of RMRD with SD (error bar)) for all SWS of the study locations. The results showed that location 12 is the best choice for D1's SWS monitoring location with RMRD close to zero and small SD. This result is different to the former one. In order to test whether location 12 is better than location 1 for estimating the MSWS of D1, the distributions of SWS of location 1, location 12, and MSWS of D1 over time are shown in Fig. 6 . Obviously, the location 12 is better than location 1 to represent the MSWS of D1. The calculation result of SSE value is 2686.75 for location 1 and 722.34 for location 12, respectively. Apparently, location 12 is a better choice to represent MSWS of D1 according to RMRD. However, the location which behaves as the best one to represent MSWS of D2 is still identified to be location 8 (Fig. 5b) . That can be explained by that SWS in location 8 is consistently larger or less Vertical bars correspond to associated ±standard deviations over time than the spatial average value. Under this condition, the general RD and revised RD analysis will get the same result. As mentioned above, location 8 cannot well represent the SWS of D2; a constant offset is needed to better estimate the MSWS. Since location 8 has a very large SD, location 12 is chosen to present the MSWS of D2, for it has the strongest TS. By Eq. (3), the MSWS of D2 is estimated by the SWS of the best location-location 12 plus a constant offset. Figure 6 illustrates the comparison between MSWS and the estimated SWS by location 12 in D2. It is obviously shown that location 12 can better represent the MSWS of D2 than location 8 which is shown in Fig. 4b . The SSE for location 8 estimation of the MSWS of D2 is 32,784.4 which far greater than the SSE of 696.73 estimated by location 12. Even if a constant offset is introduced to estimate the MSWS of D2 by location 8, the SSE is 18,290.6 and it is still larger than the SSE for location 12's estimation.
Discussion
The general RD analysis led us to infer that it could find the weakly representative location to present the average SWC or SWS across the study area. Revised RD analysis was used in two DFs to analyze TSSWS in this newly formed land type. The considerable TSSWS in this newly formed farmland during the observation period was identified. She et al. (2014) and Jia et al. (2015) also found the strong TS of soil water in loessial soils under similar climatic conditions. The results showed that the best location to represent the MSWS of DF was same in the silting DF but different for the two indexes in the filled DF where SWS was not consistently higher or less than the spatial average value. This finding thus leaded support for that the general RD technique could find the weakly representative location to present the average value because it neglected the offsetting effect of positive and negative RD values. However, in the locations where SWS is consistently higher or less than the spatial average value, the revised RD analysis will yield the same result with the general one. From this study, the revised RD analysis was more accurate than the general one in the condition of there are some locations where SWC or SWS is not consistently higher or less than spatial average value. However, the advantage of the revised RD should also be verified in other areas. In addition, location 12 can serve as a good predictor of the MSWS for the two DFs. From Fig. 2 , the two locations both locate at the middle part of the DF. Grayson and Western (1998) ; Vivoni et al. (2008) , and Hu et al. (2009) found that the location which was near the mid-slope or mid-elevation can represent catchment average soil moisture. Consequently, this result was in consistent with those findings. The possible conclusion was that the mid-slope or mid-elevation location behaves the average characteristic of the study region.
Conclusions
Much literature indicates that the TSSWS is a valuable tool for accurate estimation of the average SWS for the purpose of validating remote sensing data or monitoring SWS only by a few locations in a catchment. Based on the analysis of the TSSWS measured in two DFs on the Chinese Loess Plateau, the considerable TSSWS in this newly formed farmland during the observation period of 1.5 years was demonstrated. The revised RD method was proved to be better than the former one which was used in most previous studies regarding the TSSWS analysis. We concluded that taking advantage of the TSSWS can monitor and manage soil water resource more efficiently in DFs. In the future, other field observed data should be used to test the applicability of revised RD technique in other regions for more efficient soil water management and monitoring based on TS analysis. 
